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Abstract
Nowadays, people spend more time and effort to gain greater control over their 
health by exploring alternative or herbal medicines and natural health products to 
prevent disease or for a healthier life. It is known that people who consume a diet 
rich in natural foods, such as fruits, vegetables, nuts, whole grains, and fish, tend to 
lead a life free of diseases. Recent studies suggest that regular or increased con-
sumption of fruits and vegetables can reduce the risk of chronic diseases, and these 
health benefits are believed to be primarily due to their natural antioxidants and 
dietary fiber content. At present, consumers prefer foods with health benefits and, 
at the same time, convenient for consumption, storage, and handling. In this sense, 
ready-to-eat nutritious products, such as snack bars, are highly appreciated for their 
convenience. Snack bars are versatile products often made, with cereals, fruits, and 
nuts being an ideal food format to deliver healthy nutrients, bioactive compounds, 
and dietary fiber to the consumers.
Keywords: snack bar, health benefits, functional food, bioactive compounds,  
dietary fiber
1. Introduction
Globally, a relatively substantial number of terms were used to define the natural 
health-developed food products. For this purpose, the names of functional foods, 
nutraceutical foods, pharmaceutical foods, designer foods, farmafoods, vitafoods, 
foodaceutical, etc. were used [1]. Other terms, often grouped separately, may be 
included in the same regulations: medical foods, dietary supplements, fortified 
foods, and botanicals.
There are definitions around the world for functional foods, but there is no 
official or accepted definition; the functional foods are more of a concept than a 
defined food product group. Therefore, a functional food can be a natural food, a 
food in which a component has been added or has been removed, a food in which 
the nature of one or more components has been altered, or any combination of 
these possibilities [2]. Functional foods can be those foods made up of distinct, 
fortified, and enriched elements that provide health benefits apart from the supply 
of essential nutrients (e.g., vitamins and minerals) when consumed at effective 
levels within a varied diet [3]. A food may be functional for all individuals or for 
certain population groups, which can be defined, for example, by age or genetic 
constitution.
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Moreover, the functional food, besides its basic nutritional effect, has also 
beneficial effects on human body functions (improving the general physical state, 
decreasing the risk of disease evolution, etc.) [1, 4–6]. The main roles of functional 
foods in regulating processes in the body are presented in Figure 1.
For several years now, there has been a substantial interest in fast food and snack 
food production, due to changes on people’s lifestyles. Consumers have the tendency 
to look for easily prepared food, such as snacks, which are defined as alternatives 
to quick meals with or without substantial nutritional value. According to Bower 
and Whitten [7], numerous products are classified as “snacks,” and in this category, 
mini-pizzas, cakes, popcorn, cereals, and cereal-based bars can be included.
Generally, snack bars are not recognized as functional foods, mainly due to their 
nutrient-poor composition. In the last years, there is an interest in making new 
types of snack bars with functional components. Therefore, snack bars can also be 
included in the functional product category and to consider consumer’s acceptable 
and suitable ready-to-eat products.
2. Snack bar types
According to a report regarding the snack food consumption in the USA [8], the 
snack, cereal, and nutrition bars may be classified in three main categories: health 
and wellness snack, organic snack bars, and energy and nutrition bars. A complex 
classification of functional bars is difficult to obtain, and the focus has generally 
been on consumption. Therefore, snack bars can be consumed as a meal part (as 
part of breakfast, lunch, or dinner or as a snack between meals), as a dessert (after 
lunch or dinner), or as a meal replacement (breakfast, lunch, or dinner).
Figure 1. 
The role of functional foods in regulating processes in the body.
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The consumption of the snack bars is usually influenced by the age, gender, 
and the nutritional knowledge of the consumers. According to the International 
Markets Bureau market indicator [8], the consumption of the snack bars is also 
influenced by the following aspects: satisfying the need for sweets; saving time; 
using as an energy source; using for weight loss; and using for the protein, fiber, 
vitamin contents, etc.
3. Snack bar processing
3.1 Snack bar production process
The simplified flowcharts of snack bar production processes are shown in 
Figure 2. For the baked bar products, dry and wet raw materials are mixed together. 
This mixture is portioned and subjected to baking.
The baking parameters (time and temperature) differ according to the specific 
characteristics of the finished product. For cold-formed bar production, the ingre-
dients are also mixed together, and the resulting mixture is portioned in the desired 
shape without a baking step. For both types of snacks, there may also be additional 
operations, e.g., filling, coating with various glazes, drying bars, etc. Despite the 
bar type obtained, the final operation in the technological chart is packing.
3.2 Formulation and physicochemical evaluation of snack bar ingredients
The bars are often made using a base of cereals such as oats, rice, corn, or pro-
teins (milk dairy proteins, soy, or whey) and fortified with vitamins, minerals, and 
other nutrient- or energy-rich ingredients [9, 10]. Snack bars are not just popular 
Figure 2. 
Flowchart of snack bar production process (I, baked bars; II, baked bars with filling; III, cold-formed 
snack bar).
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for their portability but also for the health implications associated with their 
consumption. Trends in health and wellness in food and beverages have increased 
more and more in recent years, as consumers are turning to less processed and more 
natural alternatives than regular products. Furthermore, nutritional snacks are suit-
able products that can provide energy and micronutrients to both healthy people 
and people from areas affected by famine of the world [10].
Cereal bars are very adaptable products made from processed cereals mixed 
with a variety of ingredients depending on the target population group [7]. Wheat 
and/or soy snack bars were designed as nutritional bars to provide the nutrients to 
consumers on the run [10]. Walnuts were successfully used in the manufacture of 
snack bars with good nutritional (significant amount of raw fibers and lipids) and 
sensory quality [11].
In recent years, the demand for high-protein snack bars has grown significantly 
by the people engaged in sports activities and dieting and as meal substitutes. These 
snack bars provide a healthy alternative to conventional snacks due to its high con-
tent of protein (15–35%, w/w) and other nutritionally beneficial ingredients [12]. In 
Table 1, different formulations for snack bars are shown. 
The tendency to eat more nutritious foods instead of sweet products has led to 
the development of different snack bar types. Since cereal consumption extends 
beyond breakfast at any time of the day, these products have become an excellent 
vehicle for delivering ingredients to functional foods on the market. Cereals have an 
increasingly important role in modern lifestyle due to the convenient forms they can 
use such as ready-to-eat food products, snack bars, and energy bars [14].
People who are interested in getting healthier foods and maintaining good body 
fitness have changed their eating habits, which have promoted growth in the cereal 
bar market of 20% per year [18]. Therefore, snack bars can be considered as a reli-
able source of high-quality proteins, fibers, vitamins, and minerals. The nutritive 
composition of selected snack bars is presented in Table 2.
From the data presented in Table 2, the chemical composition of the snack bars 
varies greatly depending on their destination. The variation of snack bar composition 
gives the consumers the possibility to select the proper bar to purchase. Therefore, corn 
flake crust with fruit breakfast bar is a good source of vitamin A, thiamine, riboflavin, 
niacin, and vitamin B6, while formulated bar (power bar with chocolate) is a good 
source of protein, vitamin E (alpha-tocopherol), calcium (covers 50% of the recom-
mended daily dose), iron, magnesium, phosphorus, zinc, and copper. Moreover, the 
power bar is a very good source of vitamin C (covers 154% of the recommended daily 
dose), thiamine (covers 537% of the recommended daily value), riboflavin, niacin, 
vitamin B6, folate, vitamin B12, pantothenic acid, and manganese [19].
Also, formulated bar, marathon protein performance bar and caramel nut rush, 
is a good source of protein (covers 50% of the recommended daily dose), calcium, 
iron, magnesium, zinc, copper, and manganese and a very good source of vitamin 
C, vitamin E (alpha-tocopherol), thiamine, riboflavin, niacin, vitamin B6, folate, 
vitamin B12, and pantothenic acid [19], while snack bar with soy can be considered 
as a good source of high-quality proteins, fibers, and B-complex vitamins [10].
Researchers reported that snack bars with a high ratio of protein/carbohydrate 
can improve post meal and diurnal glucose profiles in patients with type 2 diabetes 
and insulin resistance [20]. In addition, proteins can have a very positive effect 
on the human body, helping to control blood pressure, and the effect has been 
dependent on the type of protein [18]. Champ et al. [21] reported that the demand 
to increase dietary fiber content in the daily diet is justified by the positive role 
of fibers in health and disease prevention, especially in digestive health, energy 
balance, cancer, and heart and diabetes problems. According to the data presented 
in Table 2, some formulated snack bars contain higher amounts of minerals and 
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Snack bar 
type
Formulation and Functionality References
Fruit-based 
snack bar
Ingredients: Base: rice crisps, glucose syrup, honey, vegetable oil, quick-
cook rolled oats (or natural apple dietary fibre or inulin), glycerol, whey 
protein concentrate, maltodextrin, pectin; Filling: pectin, sugar, citric acid, 
glucose syrup, honey, vegetable shortening, glycerol, and apple purée.
Process: Base: the dry and wet ingredients were mixed, moulded and 
baked at 130°C/15 min; Filling: ingredients were heated with stirring to 
84-86% soluble solids content; Assembly: the filing was placed between 
base parts
Functionality: increased polyphenols and dietary fibre contents
[13]
Wheat- or 
soy-based 
bar
Ingredients: water, corn syrup, glycerine, brown sugar, Arabic gum, 
emulsifier, puffed wheat, wheat germ, commercial coatings, shortening, 
soy nuggets, soy protein, soy fibre, vanilla extract
Process: ingredients (water, corn syrup, glycerine, brown sugar, Arabic 
gum, emulsifier, shortening, vanilla extract) were mixed and blended 
in different proportions to obtain wheat bar; wheat bar with coating; 
wheat and soy bar with coating; soy bar with coating; wheat bar with 
glycerine. The puffed wheat, wheat germ, soy nuggets, soy protein, soy 
fibre, were heated at 85°C/4 min. All the ingredients were mixed together 
and moulded. The bars were cooled at room temperature. Some bars were 
coated and cooled supplementary.
Functionality: high quality proteins, fibres and B-complex vitamins 
contents
[10]
Cereal snack 
bar
Ingredients: corn starch biscuit (or marolo flour), skimmed milk powder, 
rice flakes, oat flakes, corn syrup
Process: dry ingredients were mixed and then syrup was added. The 
bars were manually sealed, cooled for 8 h and then cut and packed in 
aluminium-coated cellophane
Functionality: the marolo flour provided an increase in dietary fibre 
content, vitamin C, minerals, and antioxidant activity.
[14]
Fruit and 
vegetable-
based snack 
bar
Ingredients: Sweet: fruit and vegetable flour, rice flour, oat flakes, linseeds, 
sucrose syrup, brown sugar, cocoa powder
Salty: fruit and vegetable flour, rice flour, oat flakes, linseeds, egg white, 
olive oil, condiments
Process: Sweet: the sucrose syrup heated was mixed with dry ingredients; 
Salty: ingredients were mixed, moulded into bars and baked at 160°/10 
min, and reposed for 6h at room temperature until cold; Both types were 
coated in aluminized bags, sealed
Functionality: high fibre, protein and mineral contents
[15]
Cereal snack 
bar
Ingredients: crushed corn starch biscuit (or jerivá flour), oat, skimmed 
milk powder, rice flakes, corn syrup
Process: dry ingredients were mixed, adding the syrup (corn glucose and 
honey) and mixing. The mixture was plastic-coated and reposed for 8h, 
then moulded
Functionality: increasing in total dietary fiber, vitamin C, mineral 
contents and antioxidant activity
[16]
Vegetable 
based snack 
bar
Ingredients: bean flour, oat flakes powder, water and soy lecithin
Process: the ingredients were mixed, and the dough obtained was coated 
and cut to a standard size. The snacks were baked using convection oven at 
120°C/30 min, cooled at room temperature and packed in metallic bags
Functionality: increasing in protein and dietary fiber content and the 
antioxidant capacity
[17]
High-
protein 
snack bar
Ingredients: milk protein, high fructose corn syrup and glycerol
Process: the ingredients were mixed, and the mixture obtained was 
moulded into plastic cups.
Functionality: increasing in protein content
[12]
Table 1. 
Several snack bars formulation.
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vitamins. Micronutrients are necessary compounds for a proper physiological state 
of the body that can be administered orally in the diet, and it is necessary to main-
tain an adequate balance [21, 22]. Minerals must be supplied from foods because 
they cannot be synthesized, and given the global deficiencies in different minerals, 
it is worthy to offer convenient food with sufficient amounts of minerals [23].
4. Functional properties of snack bar compounds
From the compounds present in snack food, only a few, through their specific 
action, are essential to life and are usually known as biologically active compounds. 
Nutrients Unit/100g 1 2 3 4 5 6 7 8
Proteins g 9.8 4.4 14.2 18.5 25 21.9 17.5 12.46
Lipids g 17.6 7.5 3.1 13.2 10 10.8 17.5 14.82
Carbohydrates g 66.7 72.9 69.6 55.1 53 50.3 52.5 62.01
Total fibers g 3.1 2.1 5.7 2.8 10 6.7 5 20.84
Minerals
Calcium, Ca mg 60 41 504 953 625 754 15 ~
Iron, Fe mg 3.18 4.9 11.7 14.7 10.1 16.3 5 ~
Magnesium, 
Mg
mg 101 27 248 255 175 317 0 ~
Phosphorus, P mg 277 103 614 455 375 455 2.5 ~
Potassium, K mg 326 197 362 ~ 300 351 ~ ~
Sodium, Na mg 251 167 308 418 225 383 125 ~
Zinc, Zn mg 1.6 4.1 10 9.6 6.6 11.9 0 ~
Vitamins
Vitamin C, 
total ascorbic 
acid
mg 1 0 92.3 144 75 490 0 ~
Thiamine mg 0.28 1.0 8.06 2.7 1.9 29 0 ~
Riboflavin mg 0.11 1.1 1.92 3.1 2.1 3.3 0 ~
Niacin mg 1.75 13.5 32.6 36.4 25 45.2 0 ~
Vitamin B-6 mg 0.35 1.4 2.2 3.6 2.5 4.5 0 ~
Folate, DFE μg 81 108 1046 727 500 816 0 ~
Vitamin B-12 μg 0 0 5.6 10.9 7.5 12.2 0 ~
Vitamin 
E (alpha-
tocopherol)
mg 0.82 0.8 8.28 24.6 125 27.5 0 ~
Moisture g 4.1 14.5 9.8 8.0 9.0 14.0 ~ 6.8
Ash g 1.8 0.8 3.3 3.1 3.0 3.0 ~ 3.89
Energy value Kcal 464 377 363 406 402 386 450 347.9
1, breakfast bars, oats, sugar, raisins, coconut (include granola bar); 2, breakfast bar, corn flake crust with fruit; 3, 
formulated bar, power bar, chocolate; 4, formulated bar, marathon multi grain crunch bar; 5, formulated bar; protein 
performance bar, caramel nut rush; 6, formulated bar, marathon energy bar; 7, snack bar with soy; 8, snack bars with 
beans and oat flour; ~ n.a., not analyzed.
Table 2. 
Chemical composition of selected snack bars made with cereal, fruits, nuts and/or chocolate [10, 17, 19].
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Proteins, polyunsaturated fatty acids, vitamins, and minerals as well as food fibers 
or probiotics may be included in this category.
4.1 Proteins
The importance of dietary protein, as a bioactive factor, is determined deficit 
terms, by decreasing of metabolic capacity, reduction of energy metabolism, inhibi-
tion of biosynthesis processes, diminution of immunity, and the body resistance 
to external agent’s actions. Proteins are necessary to support growth, tissue repair, 
and protection [24]. Usually, the protein necessary is influenced by the gender, age, 
activity level, body health, or physiological states [25, 26]. The conventional protein 
sources are plants and animals, e.g., meat, milk, whey egg, fish, soy, etc. [26]. In 
general, protein-based snack bars contain the following proportion of ingredients: 
soy or dairy proteins (20–40%), carbohydrates as sugar syrups (10–50%), and fats 
(10–15%) [27, 28]. Protein bars in addition to basic ingredients may contain other 
components such as flavors and stabilizers [29].
4.2 Fat and fatty acids
In addition to their role as a source of high calories, as a biomembrane construc-
tion material, or as a vehicle of fat-soluble vitamins, lipids are important by their 
intake in polyunsaturated fatty acids, phosphatide, and substances physiologically 
active, such as prostaglandin, prostacyclin, etc. [30]. The omega-3 (n-3) and 
omega-6 (n-6) polyunsaturated fatty acids are essential for human health and are 
obtained exclusively from the nutrition [31]. In recent years, emphasis has been 
placed on obtaining functional foods supplemented with n − 3 fatty acids. At 
present, there is a wide range of omega-3-enriched food products such as bakery 
products, dairy products, juices and soft drinks, meat products, etc. [32]. Usually, 
the natural sources of n-3 fatty acids are seed and fish oils [31, 33]. Snack bars with 
a high content of essential fatty acids are generally those that contain crop seeds 
and vegetable oils (canola, soybeans, corn, and sunflower oils); these are the major 
sources of linoleic acid (LA, C18: 2) but with a low proportion of α-linolenic acid 
(ALA, C18: 3) [34]. ALA sources are chia and flaxseed [34, 35]. The flaxseeds have 
a high antioxidant potential and omega-3 α-linolenic acid content [36, 37]. The 
addition of milled flaxseed in snack products, such as bars, is explained by their 
preventive and functional properties, such as vascular function improvement [38], 
anti-arrhythmic, anti-atherogenic, and anti-inflammatory functions [38–40].
4.3 Minerals
Mineral elements have a biological key role because they participate in all the 
vital processes of the body. Mineral substances can have different roles in vitamins 
and enzyme functionality, having either an activating role (calcium, magnesium, 
etc.) or an inhibitor (copper), and can be a part of enzyme structure as specific 
(sulfur, iron, copper, zinc, etc.) or unspecific (magnesium, zinc, cobalt, etc.) 
elements [41]. The commercial snack bars usually contain the following minerals 
in different intakes (Table 2): calcium, iron, magnesium, phosphorus, potassium, 
sodium, and zinc.
4.4 Vitamins
Vitamins are biologically active compounds of organic nature, with variable 
and complex structure. Vitamins are needed in very small quantities for the normal 
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development of many metabolic processes, including assimilation and the use of 
nutrients brought by food, growth, and tissue restoration.
Usually, snack bars commercialized on the market are rich in vitamins such as 
vitamin B1 (thiamine), vitamin B2 (riboflavin), vitamin B5 (pantothenic acid), 
vitamin B3 (niacin), vitamin B6 (pyridoxine, pyridoxal, pyridoxamine), folic acid 
(pteroylglutamic acid, vitamin B9), vitamin B12, vitamin C, vitamin A, and vitamin 
E (alpha-tocopherol).
Vitamin B1 is found in the outer layers and germ of cereals, nuts, whole grains, 
brewer’s yeast, etc. Vitamin B1 exhibits several functions within the body, such as 
essential for maintaining appetite and normal digestion and necessary for growth, 
fertility, and lactation [42], as well as for the normal functioning of the nervous 
tissue [43]. According to the nutrition data [19], the bars with the highest content 
in thiamine are formulated bar, power bar, chocolate (8 mg/100 g), and formulated 
bar, marathon types: honey nut oat bar; energy bar, all flavors; chewy chocolate 
peanut bar; and multigrain crunch bar (~3 mg/100 g), with high daily values for 
adults between 197 and 537%.
Vitamin B2 is widely found in food products. Sources rich in B2 are beer 
and bakery yeast, meat, eggs, fish, and dairy products. In the body, vitamin B2 
fulfills certain metabolic functions, as phosphorus esters are part of the flavin 
enzyme structure involved in biological oxidation–reduction reactions [44]and 
together with pyridoxine is involved in the conversion of tryptophan to nico-
tinic acid.
Vitamin B5, in the form of coenzyme A, is vital in the metabolism of lipids, car-
bohydrates, and nitrogen compounds [44]. Sources rich in pantothenic acid that are 
used in snack bar composition are wheat germ, mushrooms, broccoli, cauliflower, 
oats, dried peas, soybean, etc.
Vitamin B6 is found in large quantities in beer and bakery yeast and raw cereals. 
Fruits and vegetables have a lower content of vitamin B6. Pyridoxal phosphate and 
pyridoxamine phosphate are coenzymes involved in transamination, decarboxyl-
ation, deamination, etc. [45].
In the body, folic acid as a coenzyme is involved in accepting and transferring 
one carbon, from a metabolite to another [46], interfering with the synthesis of 
purines and pyrimidines necessary for nucleic acid formation [47]. Folic acid is 
mainly found in green leaves, whole grains, soybeans, wheat germ, soybeans, 
oranges, avocado, etc. [47, 48].
Vitamins E performs several functions in the body such as Krebs cycle regula-
tor, a regulator of nucleic acid metabolism with implications for cell maturation 
and differentiation, a regulator of porphyrin and heme biosynthesis, a regulator of 
protein and amino acid metabolism, etc. The main nutritional function is a biologi-
cal antioxidant for oxidizable vitamins and lipids [44]. Tocopherols are found in 
almost all foods, the richest sources usually used for bar production being vegetable 
oils (corn germ oil, wheat germ oil), cereal products, and eggs.
Vitamin C is acting as biochemical antioxidant and as enzyme cosubstrate 
[44], interfering with numerous processes, including formation of stromal 
proteins (collagen, elastin), maintaining capillary integrity, etc. Sources rich in 
vitamin C are rosehips, white sea buckthorn, citrus fruits, tomatoes and tomato 
juice, cabbage, parsley, nettle, spinach, cauliflower, red and green pepper, red 
cabbage, eggplant, broccoli, strawberries, etc. [45, 49]. In a study conducted 
by Sung et al. [50], a cereal bar with welsh onion extracts was obtained, rich in 
vitamins C, B2, B3, and B9 and with high-protein content. The study also dem-
onstrated the nutraceutical potential of the bars for the obesity and metabolic 
disorder’s control.
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USDA Food Composition Databases [51] provides the selection of snack bars 
according to deficiency in one or more vitamins or any nutrient that must be rein-
troduced into the diet. As an example, a selection of the snack bar products accord-
ing to the content of thiamine, riboflavin, and vitamin C is shown in Table 3.
4.5 Food fiber
In the food industry, fiber plays a significant role in preventing obesity, diabetes, 
and cardiovascular disease [52]. Fiber is incorporated into different foods for both 
nutritional benefits and functional properties, as well as low-cost and noncaloric 
partial replacements for fat and/or sugar flour [52, 53]. Cereals contain quantities 
of insoluble fiber, except for oats, whereas fruit and, in particular, citrus fruit and 
apples contain substantial amounts of soluble fiber. Lentils are also used in snack 
bar development, especially for their dietary fiber and the essential amino acid 
contents and for the folic acid and iron addition [54].
Lately, emphasis has been placed on the use of resistant starch (RS) in products 
as a potential functional ingredient. RS may increase the dietary fiber content [55] 
and promote the probiotic bacteria activity [56]. Aigster et al. [57] studied the addi-
tion of RS in granola and cereal bars, to determine the RS health significance and 
also the consumer acceptability. The study concluded the increasing of dietary fiber 
intake by the addition of RS.
5. Conclusions
In recent years, consumers are constantly changing their eating habits, want-
ing to improve their diet with nutritious and safe food products that are easy to 
Description Thiamine 
(mg/100 g)
Riboflavin 
(mg/100 g)
Vitamin C 
(mg/100 g)
Formulated bar, power bar, chocolate 8.06 1.92 92.3
Formulated bar, snickers marathon
 Honey nut oat bar 3.394 3.846 176.4
 Energy bar, all flavors 2.949 3.343 489.9
 Chewy chocolate peanut bar 2.727 3.091 144.4
 Multigrain crunch bar 2.727 3.091 144.3
  Protein performance bar, caramel nut 
rush
1.875 2.125 75
Formulated bar, meal bar, milk chocolate 
peanut
1.7 1.9 96.6
Snack, balance, original bar 1.628 1.708 11.2
Snacks, crisped rice bar, almond 1.323 1.499 11.5
Snacks, nutri-grain cereal bars, fruit 1.153 2.067 7.8
Breakfast bar, corn flake crust with fruit 1 1.1 0
Snacks, granola bar, with yogurt coating 0.905 0.542 0
Formulated bar, mixed flavors 0.75 1.7 120
Table 3. 
Classification of snack bars according to the content of thiamine, riboflavin and vitamin C [51].
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